Abstract. A general mathematical model and a computational method is proposed for studying the influence of the particle diffusion on equilibrium shapes of a magnetic liquid. It is applied on the ferrohydrostatic problem of equilibrium shapes of a magnetic liquid in a cylindrical cavity subject to a magnetic field created by a cylindrical permanent magnet located below the cavity. Numerical simulations show that the usual assumption of a uniform concentration field does not apply in the case of high-gradient magnetic fields.
Introduction
Because of their ability for ponderomotive interaction with an external magnetic field, magnetic fluids have not only provoked the development of a new direction in fluid mechanics but have become a new technological material which found a wide application in engineering [1, 3, 4, 9] . A magnetic fluid is a stable colloidal suspension of ferromagnetic particles in a carrier liquid (oil, water, bio-compatible liquid). The size of particles is of the order of 10 -8 m, and they are in the Brownian motion state in the carrier liquid. In modelling magnetic fluids often a uniform distribution of particles has been assumed. However, owing to the fact that the particle possess magnetic properties, not only Brownian motion but also a magneto-phoresis diffusion process takes place in a magnetic fluid [5, 9] . This diffusion process becomes significant when the magnetic fluid is under the influence of a high-gradient magnetic field.
The main objective of this work is the investigation of the influence of diffusion of magnetic particles on equilibrium axisymmetric shapes of a free magnetic-fluid surface. As an example, we will consider the problem of equilibrium shapes of a magnetic fluid in a cylindrical cavity subject to a magnetic field created by a cylindrical permanent magnet located below the cavity. As the fluid magnetization value is directly proportional to the particle concentration in the fluid volume [2, 3, 7, 9] , which is determined by the magnetic field structure, the diffusion effect is expected to become appreciable under a strongly non-uniform magnetic field.
Mathematical Model
Under the assumptions that the influence of the gravity force on the diffusion of Brownian particles is negligible and that the magnetic particles are of spherical form and of equal size, the magnetic particle mass transfer in a magnetic fluid can be described by the equation [2, 7] ( ) on the free surface, where n denotes the outer unit normal at the boundary and Γ v the velocity of the free surface. Equation (1) is supplemented with the condition of impermeability of boundaries by particles
Moreover, a uniform concentration at the initial state,
is prescribed. Equation (1) 
